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NEW TRENDS IN INDUCTION ACCELERATOR TECHNOLOGY*

G. J. Caporaso, LLNL, Livermore, CA 94550, USA

Abstract
 Recent advances in solid-state modulators now permit

the design of a new class of high current accelerators.
These new accelerators will be able to operate in burst
mode at frequencies of several MHz with unprecedented
flexibility and precision in pulse format.  These new
modulators can drive accelerators to high average powers
that far exceed those of any other technology and can be
used to enable precision beam manipulations. New
insulator technology combined with novel pulse forming
lines and switching may enable the construction of a new
type of high gradient, high current accelerator.  Recent
developments in these areas will be reviewed.

1 ADVANCED RADIOGRAPHY AS A
DRIVER FOR NEW TECHNOLOGY

Induction accelerators are widely used for flash x-ray
radiography.  Typically, these machines will produce a
single pulse with a duration of tens of ns during a given
hydrodynamic experiment.  It was realized some years
ago that by developing new pulsed power drivers it might
be possible to build a single accelerator that could provide
many pulses and many lines of sight during a single
hydrodynamic experiment [1].

Figure 1:  Advanced Radiography concept showing a
single accelerator used to provide a rapid sequence of
pulses that are subdivided by fast kickers to direct the
resultant shorter pulses into different beam lines.  Pulses
of less than about 100 ns duration at the test object are
required in order to avoid motion blur.

The technologies needed to make the concept of Fig. 1
a reality are a pulsed power driver for induction cells
capable of MHZ repetition rate and an even faster
modulator which variable waveform capability that can be
used to drive a fast, high-current kicker system.

2 SOLID-STATE MODULATOR CONCEPT
The concept necessary to provide this capability is

shown in Fig. 2.  The system consists of a pre-charged
capacitor bank and a suitable switch.  The switch is in
close proximity to the load, an induction cell, and
connects and disconnects the capacitor bank from the
load.  A similar circuit with opposite polarity is used to
reset the magnetic core in the induction cell.  The load
voltage and current waveforms are shown in the figure.
At the conclusion of the reset phase the system is ready to
provide another pulse.  The switch is a series/parallel
array of solid-state devices.

Figure 2:  Solid-state modulator concept for high
repetition rate operation.

2.1 ARM Modulator
The ARM (Advanced Radiographic Machine)

modulator is shown in Fig. 3.  It is a prototype designed to
drive an induction accelerator cell and to be stackable into
an inductive adder configuration.

The modulator is built around a Metglas core.  The
primary and reset energy storage capacitors can be seen at
the top of the modulator.  Four series stacks of switching
boards are arrayed around the core.  Each stack consists of
over 20 printed circuit boards, each containing 12 FET’s
in parallel.  The circuit boards are arranged so that each
FET is in series with the one directly above and below it
___________________________________________
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in the stack.  The FET’s are optically commanded to open
and close.  The modulator has an open circuit voltage of
15 kV and a nominal current rating of 4.8 kA.  The
modulator produces pulses ranging in width from 200 ns
up to 2 µs at repetition rates up to 2 MHz.

Figure 3: The ARM modulator; a stackable unit providing
15 kV at 4.8 kA at up to 2 MHz repetition rate.

These modulators can be stacked by threading the
interior of the cores with a conducting stalk forming an
inductive voltage adder.  A three-stage adder is shown in
Fig. 4.  The output of this device is 45 kV at 4.8 kA with
the same pulse format capability as that of a single
modulator.

Figure 4:  ARM 3-stage adder.  The completed modulator
is operated inside an oil tank for electrical insulation.  The
adder is shown here extracted for maintenance.

The output of the three-stage adder is shown in Fig. 5.
An essential capability of this architecture that cannot be
overemphasized is the flexibility of the pulse format.  It is
possible to vary the width and inter-pulse interval from
one pulse to the next easily from a computer or
programmable waveform generator.  Shown below is an
example pulse train consisting of a 1 µs pulse followed by
3, 200 ns pulses followed by a 2 µs pulse, all with full

reset.  This prototype system fulfills the requirements of
the Advanced Radiography concept shown in Fig. 1.

Figure 5:  Example output waveform from the 3-stage
adder.  A 1-microsecond pulse with reset is followed by 3,
200 nanosecond pulses (with reset) that are followed by a
2-microsecond pulse with reset.

This type of architecture lends itself readily to high
average power applications for two reasons.  First, the
cores need not be driven anywhere near saturation in order
for the system to work; they can be greatly oversized and
segmented for cooling which would allow them to operate
a high duty factors.  Secondly, the switches are highly
distributed since one FET is only capable of switching on
the order of 100 A at about 1 kV (the ARM modulator has
over 2000 FET’s).  Each one of these can be heat-sinked
and cooled.

3 FAST, HIGH-CURRENT KICKER
SYSTEM

The second piece of new technology needed for the
Advanced Radiography concept shown in Fig. 1 is a fast
kicker system that can precisely steer high current, nearly
continuous beams.

3.1 Fast Kicker System for High Current Beams

In order to produce very fast steering the source of the
electromagnetic fields applied to the beam must be inside
the beam pipe.  The architecture chosen is shown in Fig.
6.  It resembles that of a stripline beam position monitor.
An outer vacuum housing surrounds four equal-sized
electrodes.  Each stripline is terminated at the upstream
end by a resistor and is connected to a pulser through a
time-isolated cable at the downstream end (the kicker
must be driven at the downstream end or the electric and
magnetic induced deflections of a relativistic electron
beam will cancel).  The kicker is operated as a 50Ω
system with both the resistive terminations and the time
isolation cables and the pulsers having impedances of
50Ω.



The kicker must not only switch rapidly (in a time less
than tens of ns) but it must be able to regulate the position
of beams with great precision and without emittance
growth as both of these are required to maintain good
radiographic resolution from the accelerator.

 Figure 6: Fast kicker system is similar to a stripline beam
position monitor.  Steering is accomplished by a
combination of electric and magnetic fields.

Because the pulser technology chosen to drive the
kicker only has unipolar capability a DC bias dipole is
wound around the outside of the kicker to extend the
dynamic range of the beam centroid.  A version used to
deflect the 6 Mev, 2 kA beam from the ETA-II accelerator
at LLNL is shown in Fig. 7.

Figure 7:  ETA-II kicker showing a DC bias dipole and a
DC sextupole winding.  The red solenoid to the right of
the kicker is the lens used to match the beam into the
kicker.  The drive cables can be seen on the left
(downstream) side of the kicker.  The kicker length is
about 1.6 meters.

In order to regulate the position of the beam at the
kicker output a pulser with a variable waveform capability
is required.  Part of the motivation for this is that there is
beam-induced steering inside the kicker due to the high

beam current.  Another reason is due to head-to-tail
energy variations in the beam that will cause dispersion.
We will return to this point in section 3.4.

3.2 Implementation in DARHT-2
Some of this technology has found application in the 2nd

axis of DARHT.  DARHT stands for Dual Axis
Radiographic Hydrodynamic Test and consists of two
induction accelerators.  The 1st axis is a conventional,
single pulse machine producing about 20 MeV at up to
about 3 kA.  It has been operating very successfully for
several years.  The 2nd axis, now nearly complete, will

produce a 2 µs long pulse at up to 2 kA and 18 MeV.

Figure 8: The DARHT facility at LANL.  The 2nd axis,
shown on the right, is nearly complete.  The 1st axis has
been operational for several years.

A kicker system is used to carve a sequence of four,
relatively short pulses from the 2 µs beam exiting the
accelerator.  The unused beam is sent to a dump.  The
operational schematic is shown in Fig. 9.

Figure 9:  Concept of DARHT-2.  A kicker system
produces four radiographic pulses from a 2 µs beam
exiting the accelerator.

The DARHT-2 accelerator uses Metglas cores in its
massive induction cells.  An electrostatic injector provides
a beam with an energy up to about 3 MeV and 2 kA.  The
kicker system is set up so that the bias dipole deflects the
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beam into the main dump until it receives drive pulses that
allow the kicker fields to overcome the effects of the bias
dipole and allow the beam to proceed to the x-ray
converter targets.  A portion of the beam line is shown in
Fig. 10.

Figure 10:  The DARHT-2 beam line.  The induction cells
shown here are nearly 2 meters in diameter.

3.3 DARHT Kicker Pulser
The kicker pulser is based on the solid-state architecture

previously discussed.  The actual implementation is
highly modular with each switchboard having its own
primary storage capacitor and Metglas core.  Most of the
layers are timed to produce a square output pulse.  A
number of the stages are charged to different levels and
can be independently timed to produce a digital
approximation to an analog waveform.  Since the
modulator is operated in an inductive adder configuration,
the output voltage is the very nearly the sum of the
voltages of all the individual layers.

The kicker pulsers for DARHT are required to produce
up to 18 kV into 50Ω with a 20% modulational capability.
The pulsers power the kicker through large, low loss
cables that provide 2 µs worth of time isolation to prevent
any reflections or beam induced signals from perturbing
the beam.  Α simplified schematic showing three digital
stages and one equivalent analog layer is shown in figure
11.

Figure 11: Simplified schematic of inductive adder kicker
pulser showing 3 of many digital stages and a single
modulation layer.  The actual modulation is accomplished

by using 7 digital stages charged to different voltages and
independently timed.

The final modulator system for DARHT-2 is shown in
Fig. 12.  It consists of a positive and negative polarity
pulser (one for each opposing stripline to provide steering
in the vertical plane) and a control rack in the center.  The
output cables to the kicker come out of the top of each
pulser.

Figure 12: The completed DARHT-2 kicker pulser
system.  There are two 18 kV pulsers, one of each
polarity, which drive 50 Ω cables.

The completed pulsers are capable of generating
variable width and variable shape pulse trains.
An example burst of 4 pulses is shown in Fig. 13
(DARHT is required to produce 4 equally spaced pulses
of variable width).

Figure 13: An example pulse format from the DARHT
kicker pulser system.  Note the variable width and
variable shape output waveforms.  Two sets of curves are
shown; the desired waveform initially requested by the
control system and the actual output voltages.

Desired

Actual



The kicker has been extensively tested on the ETA-II
accelerator [2].  Quick switching of the beam centroid has
been accomplished without emittance growth for a 6 MeV,
2 kA beam with a pulsewidth of 50 ns.

It should be noted that by driving all four striplines (and
using two bias dipoles, one for each plane) steering may
be achieved over the entire transverse plane.  Furthermore,
if one changes the polarity of one of the pulsers in the
simple dipole mode, a fast, adjustable quadrupole lens
may be realized.  Fig. 14 shows a single ETA-II pulse
caught in the act of switching centroid positions while
Fig. 15 shows the resulting elliptical shape of a beam
downstream of the kicker when the polarity of one the
pulsers is reversed to make a quadrupole lens.

Figure 14: A single 50 ns beam pulse caught in the act of
switching centroid positions.  The picture is made from
light emitted when the beam strikes a quartz foil
downstream of the kicker.  The total shift of centroid
position is 4 cm.

Figure 15: A time integrated image of light produced
when the electron beam strikes a quartz foil downstream
of the kicker configured to produce a quadrupole field.

3.4 DARHT Kicker Pulser Control System
The kicker regulates the switched beam centroid

position through use of a feed forward control system.  An
inner control loop determines a desired waveform to apply
to the kicker electrodes.  The actual waveform is
measured and the loop iterates until the measured
waveform corresponds to the desired one.
Simultaneously, an outer control loop looks at the position
of the beam downstream of the kicker as a function of
time and uses an algorithm to derive a theoretical
waveform that should result in the desired position.  The
outer loop feeds this information to the inner loop and the
resulting beam position is measured on the next pulse.
This loop iterates until the desired beam positional
accuracy is obtained.  In practice the outer loop converges
in just a few beam pulses.

Figure 16: Plot of converged kicked beam position vs.
time along with plot of beam position vs. time for beam
entering the kicker.  The switched beam position is
successfully regulated to within 1 mm of the desired
value.

4 PROTON RADIOGRAPHY KICKER
PULSER

There is a radiographic technique that requires very
high-energy protons (of order 20 to 50 GeV) [3].  The
system uses storage rings and requires fast kickers to
extract pulses.  The architecture developed for DARHT-2
is ideally suited for this application because of its inherent
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speed, flexibility and modularity.  A prototype 50 kV
pulser for this application is shown in Fig. 17.  The pulser
drives a 50Ω cable and must produce a 10-pulse burst at 2
MHz.

Figure 17: 50 kV prototype kicker pulser for proton
radiography.  The architecture is very similar to that of the
DARHT kicker pulser.

This output of the prototype system is shown in Fig. 18.

Figure 18: A 10-pulse burst at 2 MHz.  The current into a
50Ω load is plotted vs. time.  The amplitude of the burst
sags because the capacitor bank is insufficiently large for
this burst.

5 NLC KLYSTRON DRIVERS
Due to the tremendous advances in solid-state devices

and in their performance to cost ratio many new

applications are possible.  For several years a joint SLAC-
LLNL-Bechtel Nevada effort has been devoted towards
developing solid-state drivers for klystrons to be used in
the SLAC version of the NLC (Next Linear Collider).  A
system concept is shown in Fig. 19.

Figure 19: Concept for a solid-state pulser capable of
driving 8 klystrons.  The modulator is to put out 500 kV at
2 kA.

5.1 Solid-State Devices and Architecture
Cost and robust operation are important considerations

for this design.  The modulator must be able to drive 8
high power klystrons at 120 Hz continuously and must
supply 500 kV at 2 kA. Large IGBT (Insulated Gate
Bipolar Transistor) array devices used for traction control
were chosen for this modulator.

The architecture used here is again an inductive adder
with one switching layer per Metglas core.  Each layer has
its own capacitor bank and IGBT switches.

The modulator achieves high voltage through the use of
a novel 1:3 step-up transformer.  A picture of an IGBT
used in the prototype is shown in Fig. 20.

Figure 20: An IGBT used in the prototype klystron
modulator. It operates at 3.3 kV and 800 Amps
(manufactured by EUPEC).



The completed prototype is shown in Fig. 21.

Figure 21: The completed prototype klystron modulator.

6 HIGH GRADIENT INSULATORS
The next technology innovation to be discussed is that

of high gradient insulators.  These insulators might lead to
the development of compact, high current accelerators and
power sources.

6.1 Insulator Flashover
Vacuum insulators eventually breakdown along their

surface as the tangential electric field stress is increased.
Conventional insulators are generally monolithic
structures and the breakdown is thought to be the result of
a secondary emission electron avalanche where electrons
are field emitted at the negative end of the insulator
surface and drift in the vacuum along the insulator surface
[4].  Since the insulator is a dielectric it becomes
polarized by the field-emitted electron that leads to a
collision of the electron with the surface.  The collision
stimulates the desorption of gas contaminants stuck to the
surface and also leads to the emission of additional
electrons.  These electrons continue to drift and collide
with the surface, increasing the number of electrons
drifting and gas molecules that are desorbed until the gas
density is sufficiently dense that an avalanche breakdown
occurs and the voltage across the insulator collapses.

To slow this process one might introduce intermediate
electrodes into the insulator (that protrude past the
surface) on a scale sufficiently fine to interrupt the
electron avalanche.  The scale size for this is typically on
the order of a millimeter.  This is illustrated in Fig. 22.

Figure 22:  Flashover mechanism of a conventional
insulator (left) showing the secondary emission electron
avalanche.  On the right is shown the concept of the high
gradient insulator with closely spaced electrodes
protruding past the surface designed to interrupt the
electron avalanche.

These insulators have been fabricated from materials
such as Lexan, Rexolite, Kapton, fused silica, Mycalex
and alumina.  The performance of these insulators has
significantly exceeded that of conventional insulators.  A
comparison of conventional and high gradient insulator
performance is shown in Fig. 23.

Figure 23:  Comparison of conventional insulator
performance (blue curve and points) and high gradient
insulator (purple) performance vs. pulsewidth.

From Fig. 23 we can see a general trend for all types of
insulators; the surface flashover strength increases for
shorter pulsewidths.  A sample composed of Rexolite and
stainless steel electrodes with a period of 0.25 mm was
tested in a vacuum chamber between highly polished
electrodes with a Rogowski profile.  A Marx bank that
could provide pulses on the order of 1-3 ns long powered
the electrodes.  A photograph of the insulator and
electrodes can be seen in Fig. 24.
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Figure 24: High gradient insulator test apparatus showing

the Rogowski profile electrodes and the Rexolite/stainless
steel sample.  The insulator electrode spacing is 0.25 mm.
The sample shown is 3 mm high by 10 mm in diameter.

A typical voltage measured across the sample is shown
in Fig. 25.  This particular data point corresponds to a
field stress of 70 MV/meter.

Figure 25: Voltage measured across the sample shown in
Fig. 24.  This measurement corresponds to 70 MV/meter
field stress with no breakdown.

In order to apply maximum field stress to the insulator
some of the layers were removed to increase the field
stress.  The resulting increase in capacitance widened the
pulse somewhat to about 3 ns.  There was still no
breakdown at a stress of 100 MV/meter.

Another interesting test concerns the ability of the high
gradient insulator to sustain high field stresses in the
presence of a high current electron beam.  For this test the
conventional insulator in one of our ETA-II induction
cells was replaced with a high gradient version and the
gap redesigned in order to have a direct line of sight from
the beam to the insulator.  The standard induction cell is
shown in Fig. 25.

As can be seen from Fig. 25 the insulator is slanted
away from the cathode side to discourage electron
hopping along the surface.  The length of the insulator
across the slanted face is 3.75 cm.  Notice also that the
insulator is shielded from a direct line of sight to the beam
by the twisted gap geometry.

Figure 26: Standard ETA-II accelerator cell showing the
slanted, monolithic Rexolite insulator.

The modified ETA-II cell is shown in Fig. 27.  It has a
high gradient insulator made from Rexolite and stainless
steel electrodes.  The replacement insulator is only 1 cm
in axial length and has a straight wall.  In addition, the gap
structure is purely radial providing a direct line of sight to
the 6 MeV, 2kA, 50 ns wide ETA-II beam.

Figure 27: Modified ETA-II cell with a high gradient
insulator.  The insulator is only 1 cm in axial length as is

straight with a direct line of sight to the beam.

The standard and high gradient insulators are shown in

Figs. 28 and 29 respectively.

Figure 28: Standard Rexolite insulator in the ETA-II
induction cell.  Note the slanted surface.

Figure 29: High gradient Rexolite and stainless steel
insulator.  The electrode spacing is sub-millimeter.
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The modified cell was placed at the end of the ETA-II
beamline with a graphite beam stop bolted to the cell. The
cell was powered by the beam return current that flows
through the drive blades.  Various resistors were
connected to the drive blades and created a reverse
voltage across the gap.  The resistor values were adjusted
upwards in an attempt to reach an insulator breakdown.
Attempts to reach breakdown levels failed.  The insulator
did not breakdown with over 20,000 shots with beam (the
ETA-II beam is 6 MeV, 2 kA, 50 ns at 1 Hz) at the
highest resistor value tried.  The volt-second content of
the cell cores was too low to attempt higher voltage
operation.

This result is rather remarkable given that the insulator
has a direct line of sight to the beam and the beam is
dumped at the end of the cell.  There is a background of
secondary electrons, x-rays and optical photons all present
in close proximity to the insulator.  An overlay of voltage
traces on the cell for different resistor values can be seen
in Fig. 30.

Figure 30: Voltage traces from the modified ETA-II cell.
The lowest trace (red) is about the voltage that the cell is
normally run at (about 80 kV).  The upper trace
corresponds to approximately 18MV/meter with no
breakdown in the presence of a 2 kA, 50 ns electron
beam.  Note that the pulsewidths are shorter for the higher
voltage traces due to core saturation.

7 DIELECTRIC WALL ACCELERATOR
(DWA)

The performance of the high gradient insulator suggests
that it might be possible to make compact, high current
accelerators.  The motivation for this is illustrated in Fig.
31 that compares a conventional induction linac structure
with that of a DWA.

Figure 31: DWA concept.  An induction linac can sustain
an accelerating gradient only at the gap (typically of order

10 MV/meter) but the gradient averaged over the entire
structure is usually less than 1 MV/meter.  If the
conducting wall were to be replaced by a suitable
insulator perhaps the gradients achievable in the gaps
could be sustained over the entire accelerator.

Fig. 31 suggests that it might be possible to obtain
much higher gradients than an induction linac with a
DWA if a suitable insulator material could be identified.
The second major requirement is that a method must be

found to supply the dielectric wall with an accelerating
field at the high gradient.

7.1 Asymmetric Blumlein
One method of generating a suitable accelerating field

is called the asymmetric Blumlein invented by Bruce
Carder [5].  The line consists of two transmission lines
(depicted as radial lines in the figure) that are filled with
dielectrics of different permittivity.  Both lines are
initially charged to the same voltage but with opposite
polarity.  At first there is no net voltage across the output
end of the lines (inner diameter).  If the outside of the
lines are shorted by closing switches, waves will be
launched that travel radially inwards with different
speeds.  When the faster of these two waves reaches the
inner diameter there will be a reflection of the wave
accompanied by a net voltage reversal in that line.  The
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voltage at the output end of the other line, however, is still
equal to the original charge voltage since the slower wave
has not yet reached that point.  At that instant a net
voltage appears across the output end of both lines.  That
net voltage is maintained until the slower wave reaches
the output end of the line and collapses the net voltage.
Since the line is not 100% efficient there will be multiple
reflections and ringing of the output waveform.  The
output waveform can be applied across a high gradient
insulator.  This process is illustrated in Fig. 32.

Figure 32: Operation of the asymmetric Blumlein.  The
line is formed from radial transmission lines containing
material of different permittivities and charged to equal
and opposite voltages.  Closing switches on the outer
diameter of the lines launch the accelerating pulse will
eventually appears on the high gradient insulator at the
inner radius.

7.2 Laser-Induced Flashover Switch
A suitable closing switch can be obtained by using a

flux of photons to bombard the outer vacuum surface of
each charged transmission line in Fig. 32.  The photon
flux will initiate a flashover of the vacuum surface which
provides an effective switch closure.  A fast photon flux is
available from a laser (a Nd-Yag laser with frequency
doubling or tripling crystals is used). This is illustrated in
Fig. 33.

Figure 33: A fast laser pulse initiates a vacuum surface
flashover across a highly stressed insulator, providing an
effective switch closure.

7.3 Test of Asymmetric Blumlein
The operation of an asymmetric Blumlein was tested

using a “cross” configuration consisting of four, equal
width striplines that intersect at their output ends.  The
materials employed were de-ionized water for the “slow”
line and RT-Duroid, a printed circuit laminate, for the
“fast” line.  The Blumlein was placed inside a chamber to
provide vacuum on the outer and inner surfaces.  The
Blumlein in the chamber is shown in Fig.34.

Figure 34: “Cross” configuration asymmetric Blumlein
structure inside its vacuum chamber.  Note the optical
ports and mirrors for the laser beams that trigger the
acceleration waveforms.

The system is pulse-charged (since de-ionized water
cannot hold a charge for very long) and triggered by four
laser beams, one for each stripline.

A frequency tripled Nd-Yag laser is used for the
triggering.  The optical paths are arranged so that the four
beams arrive simultaneously at the stripline edges.
Conventional Rexolite insulators are used on the inner
and outer surfaces for these first tests.  A voltage probe is
inserted into the inner diameter of the inner insulator to
measure the output voltage.

The water had to be filtered and de-gassed to suppress
bubble formation that would drastically reduce the
allowable field stress in the water.

Both fast and slow lines are fabricated to the same
thickness, a fact that further decreased the efficiency of
the Blumlein to transfer energy to the load.

A picture showing the closed vacuum chamber and
simulated laser beams is shown in Fig. 35.

Figure 35: Closed vacuum chamber with simulated laser
beams.  The four beams arrive at their respective striplines
simultaneously.

The output field stress achieved exceeded 5 MV/meter.
An output voltage trace from the monitor is shown in Fig.
36.

Figure 36:  Output voltage from a single asymmetric
Blumlein.

Two Blumleins were stacked in the vacuum chamber.
The results are shown in Fig. 37 below.

Figure 37: Results from a stack of two asymmetric
Blumleins.



The outputs of the lines are not matched to the loads,
which results in excessive ringing.  In practice, the first
(negative) part of the waveform would constitute the
output pulse.

7.4 Future Developments
The use of de-ionized water for the slow dielectric was

necessitated by the difficulty in obtaining high
permittivity, low loss, high quality insulating material in
large diameters.

A material has been developed which has a relative
dielectric constant of about 30 and which is available in
thin, flexible sheets about 36 inches wide.  We are
developing this material for use in pulse forming lines.
An example of a curved stripline laid out on this material
is shown in Fig. 38.

Figure 38: A pair of curved striplines on a substrate of
advanced dielectric material of relative permittivity 30.

This pair of lines will be used as the slow lines in
combination with a lower dielectric material like Lexan as
shown in Fig. 39.

Figure 39: A pair of curved striplines on Lexan providing
the fast lines to match the slow lines in Fig.38.

Using solid dielectrics will enable the use of slow
charging systems since these materials will hold a charge
for a very long time.
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